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of the same cdaaand on .different host computers and different > 
networks. fAuthor/DAG) 



♦ ♦♦♦♦♦1|4**4i***««««««««^«««*«««««««%««««««««««««««^«4i'«««%« 

♦ T}ocumeuts acquired by ERIC include iMmy informal un 

♦ materials not available from other soarces. ZBIC -makes 

♦ to obtain the best copy a'vailable. V evert heless^ itfms 

♦ reproducibility are often encountered *and this affects 

♦ of the picrof icbe* and hardcopy reproductions EHIC makes 

♦ via the EBIC Document Reproduction Service (EOBS). EDRS 

♦ r^sponsibl'e fpr the quality of the original docament* B 

♦ supplied by EDRS are the best that can be made from the 
♦'^♦♦♦♦♦♦♦♦♦♦♦♦♦♦♦^♦♦♦♦♦♦♦♦♦♦♦♦♦«i»«««««««««*«j»««¥««««««««« 



pii>li8hed ^ ♦ 
every effort ♦ 
of marginal ♦ 
thee qudlity ♦ 
i^vailable ♦ 
is hot ♦ 
eprodactions ♦ 
originals ♦ 
♦♦♦«««««%«««»^ 



ON 
00 



1^ Review of Network Access Techniques 

with a.e^se Study: . 

The Network Access Machine ^ ^ 



^ Robert I^senthal 



Institute for Computer Sciences* anA Technology 
National Bureau of Standards " 
Washington. D.C.^ 20234 



V 



Sponsored by the 
National Sjcience Foundation 
1800 G ^Street. N W 
Washington, D C 20550 
Grant Number DCR 72-01206A06 




U S Df FAKTMCNTDF HCALTH. 
f DUCATIDN 4 WCLFAKC 
NATIONAL INSTITUTC OF 
/} eOUCATlON 

THIS DOCUMENT MAS 6EEN REPBO- 
OUCEO EXACTLY AS »»ECE»VEO FROM 
THE PERSON OR OffOANlZATlON 0«»G»N- 
ATINO »T POINTS OF VIEW OR OPINIONS 
StAtCO 00 NOT NtCESSARlLV REPRE- 
SENT OFFICIAL NATIONAL INSTITUTE OF 
EOUCATlON POSITION OR POLICY 



ERIC 



U.S. DEPARTMENT OF COMMERCE, Elliot L. Rkhardson, Secretory 

D« B«f»y Anck«r-Joh^sbn, Assittant S*cr«for/ for Sei»nc» and Uchnqlogy 
NATIQNAL BUREAU OF ST>kNDARDS, Ern^t Ambl«r, Acting Dirtcfor 



lsMi«d July 1976 



/ 

/ * 



National Bureau of Standards Technical I^ote 917 

Nat. Bur, Sund. (U.S.), Tech. Notp 917, 36 p««e» (July 1976) 
CODEN; NfrTNAE 



> 




/ 



U3. GOVERNMlfNT PRirmpTG OfFICE 
WASHINGTON: W76 



DoMCtim»il 

fOrtier SD C'iuloK No. (:i3.46:917). Pjflii Otntt' (A^d 25 Qrcept addUronal foXother than U*S. mailing). 



For by ih«^SapieriiiA€nd«nt of DoMCum/ntft, U^. GoT«^n«at PHatinK Offie»HFMhiD|Cton^ D.C. 20402 

i' ^.^^.M. . A / 1 - J Ji.: t •! ^ IT G ^afKm 

3 



CONTENTS 



ABSTRACT 
Keywords 

INTRODUCTION ' 

ASSISTANCE ' 

INTERFACES and PROTOCOLS 

TECHNIQUES 

Basic Commun-ications Assistance 
Resource Identification ^ 
Res<JTsrce Connection ^ ^ 

Resource Selection » 
Service Integration^ 
Distributed Assistance 
. Minicomputer Ho^^ * 
Other Trends. 

ARCHITECTU^1|E 

THE NAM ^ ' . ^ 

Tab NAM FACILITY 
^ Total Configuration y/ 
Communications Per ipherarli / ^ 
Disk Peripherals / 
pther Peripherals ; / 
Software System X 

WORKING in the NAM ENVIRONMENT 

APPLICATION of/the/kETWORK ACCESS J1ACHINE 



SUMMAHY 

REFERENCE 

/. 





r 



r 1 



3 
3. 



4 

1 4 

8 

10 
11 

114 
il5 

^|16. 
^ 17 

17 

22 

♦ 

26 
• 27 



1ft 



' Figures 



FIGURE 

1/ 

2 
3 

• A 
5 
6 



8 
9 



TITtE ' • 

Example Editor C9II 
The fHkk Coaf iguration 
Modes of NAM Operation — Normal 
'and Procedure 
Efi^ct? of Switching Modes 
Example Editor Call Using NAM- 
A. Programmed" User ^ 
Macro Itangojage Directives > 
An Excimple Macro 
Example Use of .EXT.Dir^ctive 
Mediated NAU Acce^ to Retrieval 
^ft*ems ' ■ ^ 



TABLE 



\ 

TABLE 



,TITLE 

Selected Subset of functions 



f 



A REVIEW OF NETWORK- AGCESS .TECHNiaUE5 
with a Case> Stuliy: • Jhe- Nietw^* Access. Machine 



i 



• ■ I.. 

• , .Robert, Rosenthal . * ' ^ • 

Institute^Tor Computer Scieaces and Techliology 
National Bureau.. of St^ndard^i • 
W^shi^igton, C, 2023.4' 



4 

ABSTRACT 



The .computer industry '^-s .ability to serve*' a 
diver'^se and expanding ,u3er cgramunity ^s evidenced 
'by the rapid growth of computer ,netHorK 3ervices,, 
Computer service providers design and market the^r 
own offerings as 'they ^eem be^t , . given . their own 
market and their own sBt of resources. , This has 
left to a proliferation of similar re^^ouroe^ *^ 
requiring different uwer 'access procedures. With 
emphasis 'on currently operating and p]!ann^d 
Systems that assist users in accessing available 
'network services,' this report identifies the 
techniques used in network access devices. By 
examining the*e devices, the trend toward 
ira'proving the interface betweien thre user and the 
'computer is brought more clearly into fot^us and up 
to date . ' • ^ ^ 

One specif ic Solution — A Network Access 
Machin^e ('NAM) ~ is^ ^escrib'ed in 'detail. The %AH 
is a minicomputer system that acts as a network*^ 
access point for a us)er at hi? terminal artd 
assists the i^ser through the autom^l^iCi execution 
'of access prp'oedures/ This minicorapu'ter facility 
allows the' user to specify (pr to have specified) 
•tfis ©wn network commai^cJ sequences for ex^ution on 
a specified network aW host connec-t ed |to that 
networif. ''Computer . responses are analyzec^ to 
as,sure agreement with -those anticipated for . ' 
specific comlnfiands. Oyiditional parameterized 
expansions ^allow'tlfe ase of ther same commands on 
diffe-rent hoSt compute^SL and ^different networks. 

Keywords: 'Access procedulr'es; command language; 
computer networks; Job con^rdi^languag^; , md^^rds^ - 
rnihicomputers; , protocols; t^jMrcces'sing. 



. ' ... .I NTRODU.CTION 

• ^ • . „ * 

The oiomputer >ndu*try'6 ability to serve a diverse dnd 
expanding yser community/ is evidenced by the rapid, growth .of 
computex^^etwbrk services^ Little over a decade ago,, when 
pe6ple 'be^an to interact witti, computers in the routine.-;- 
. performdinge of their jobs , ^few cared about the^ dif f e'rences 
b-etween similar service offerings all were eager to learn 
and experiment with that n§w technology. , ^ 

Today, with- t^e advent and growth of computer networlys, 
that modest size group x)f scientists, engineers, ar^p 
c^ese'archer s' has grown to include professionals in all 
sciences mathematical, physical health, and social — as 
well as studenfs, stock brokers, ajK^ reservation clerks from^ 
■any. fields. Just as the number of users has'^grown , so has 
the number ahd diversity of computer* services. * 

Computer Service providek/snJiesign and market their own 
offerihgs as thpy\deem best, given their own market and 
their own set of resources.. Trends in serMice. growth , * 
^tr^^eable through individual famflies of mainf r aihes*, 
operating systems, and service packages, lack direction and 
consistency from the use.r 's*" p<^p.nt of view. ' The -reasons foj: 
this fragmented growth might be justified considering 
constraints imposed by teleconjipunications facilities, 
pecul iar itXes imposed by mainframes and their operating 
systeihs, and the personal preferences of systefh developers. 
Unfottuaately , many of these services are char acter ized by 
different implementations of the-logically similar steps , 
that users must ^ake in order to accomplish productive work. 

Today we have a situation in . which *more and more users 
are fconsuming more and mor,e services while the services- 
themselves perpetuate^ d if fer ing user' procedures for actess 
to the isame lo^^ical ' services. A reasonable question to ask 
is "wh^t can be done to, help the user?" Standardization of 
access procedures is a possible solution.^ However,^ a i 
procedure for access that makes one service more alttractp.ve 
'than another through. enhanced ' features sjio.uld^not be ^ . 
compromised by a premature effort' to standardize such 
ptpcedures especially if *the' standTi'rd settles on '"lowest 
common denominatQr" features. Encouraging competition, afhong 
network service providers can be^ in the user's best interest 
if it leads t6 innovation in the amount and quality of ^ 
service- 'received*^ and irj "ttm. reduction of c'ost*^ in providing 
the service. .Rather than push for- extensive usen-or iented 
uniformity, it may* be desirable to conrinue t6 permit and' 
encourage such non-uniformity, but to compen^sat^ for it 
through network access assistance to the" user. 



, v/ • ' ASSISTA NCE 
' . / ; — . • . • 

^ . The concept of assisting users *is hot n6w tt the ' ^/ 

resSJted" frtTllV. .^'"^ ? .compile^ , for examt>le' 

^omnh!r« "'"^ of iRB^ivation. Unfortunately, 

• ro!?ii?'f "^'^ accompanied by complex operating system 

fnr^ ^^"^"f^es Once-again-, assistary^ techniqula. in fbe. " 

form of a control language macro ccfpability or a catalogued 
•%t^es^ "^^'^ employed to help\h« user? wi?h - 

^Jo^^f^ V^^*?"!^ ''^^ inexperienced user easily performed 

aSSSt ae%ail'?n f ""^ the experienced user Sorriedless " 
acrout aetaU in setting up job steps. ' ^ 

This type of assistance, extended beyond a sinale 
computer system and placed in the interactive compaLr " ' 
netWoi^k environment, lessens the wearis6me burdeW faced by 
users contending with separate and different services that 
accomplish logically similar »-;»«5ifQ t„ 17,^^^ set-vices tnac 

' fho „o^r^K« 1 J t ^ similar tasKs. In such an environment, 
i?ffof fiave_resoWces readily available from^^ - 

fi ^K^^ • *^ computers withoft regard for the specifics .of Ww- 
to Obtain them; the-. user should be more concerned with what 

, services ate required. A ' witu wnat 

^r. ffjjy.afctwts to provide computer. netwoVk assistance 

■ of f^i^i!on"K"ff iwterestiife technique makes use 

of function buttons that produce character sequences. These 

identi?v%IrS'^T' appropriate- user protocols that f 
f h! ? H terminals, users, and ^services ,. thus alleviating' 
f^!n? ""^^ "^^^^ "^^y requiJed protocol The- 

tecii cue S;r'T" • exanipl^jof ?his kind of 

dil^lrT devices - stun.t boxes, automatic card 

ti^!«?:- ^^^^l ^^P^ loop« — hdve been used succ^ssfjully 
•^o„f Ki "^^f^' °^ ^^^^^ devices are usually 

applicable only on dedicated connection* to specific ' 

'SX morfaln?r-rf ^r^^"^"' "-^^^^^ computer network 

^ other more general tecjinigues can be employed. ,/\ 

INTERfACES AND PROTOCOLS 

AccesTB assistance techniques in moderrt computer ' 
^e*w^l5* try to improve upon the interface that exists * " " 
.Por^^h^ ? "^"^^ term/nal and a network based resource. 

For the. terminal user of an interactive computer network the 
interface is two. things. First, it isvthe physical 
equipment -- the telepr'in'ter or CRT term'inal and the * ' 

connecting it to the computer. 
fh^nrX. ' f ^"^ complex level, the interface is 

network a^H-i^^^^ ^ "f^' ""^^^ know-tq communicate with the - 
network ajrid its computers — to, express his needs or demands 
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• on the computer and to "understand tha produced results or ,j / \ 
. errors from' ttre ^om'pUter. . °* , . . 

' . These user- protocols /unlike the "well defmed" U 
r^r«^.r^^ol« rtf c offlDu t e r - to-compu t ec 'coiii'mun ic a t lon s ' (s uc H as 
• ?hf aI^ %etwo?r?Ml-IM?. HOST-IMP,. 01* HOST-HOSW protocols 

'(pSs 7^)! manifest themselves ih, the interactive dialog , 
' between the user and the computer. And, ^.hese us^r-computer ; 
-^ro^ocols are.not "well defined." TheV ape typic.al y machin^ 
dependent and o^teri" installation dependent [NEU 73] . , 

interface and p>btocol' standards groups are' actively • 
engagefln producinfoutjite directly related'to, the/issue 
aSd?Issed here. At^east one standards gro»p ^^^Je Federal 
Government (FIPS Task Group 20)' 'is studying low level use^ 
entry and ^xit protocols and procedures. The standards 

• approach to access assistance represents a technique that is 
' still in its infancy. With a three, yelfr proDected 

'completion- date for the development ^"^/^^^^P^^"" » .. 

. first entry and exit protocol standard for the Federal 

Government! the viability of this technique is yet to^be; , ^ 
realized. The "benef iciar ies of standards as an assistance 
' ' technique will be the scientists, engineers, "researcher s , 
. • J^d ti?se wSb work with them, .who use, or have the potential^ 

for using, one or more computer- services. 

TECHNIQUES \ ' - . 

/ These approaches to solving" the problem of network . 

• access have been utilized by .several groups in specific 
1mp!emenStions of the access function. Pyke, in a recent 

• • paper LPYK •741 , revaewl the^^ efforts with special emphasis 
on presently operating andVarined ^"PP-°^^^,^,^, 
configurations. Categorizing thejBe examples and other 
reJaild deiices as reported in the open literature "reveals 
the trend that is evident in network access technrques W a 

crearly into focus and up to date. ^ . 

Basic Communications Assistance ^ ' \ 

' Minicomputer based .concen-trators *and, packet o^^^ssage ' 
switchers are well established solutions that provade the 

. / • ■ 
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TI?«?TfP^?-^^^ s^isfy the.s* requir4ment5 thrbugh data fate 
tn^?ni-'''^^'°"^ terminal potnpatibility transformations 
• t?aisf^rLt?on«^^^ H^i^^ '^^"^"^ fiincti^ns and ch'^iracter set 
transformations, and host cqij^uter selection specifications. 

!^ ^^^^ y^^'^s these devides have -been 
modified .to reflect the needs and demands of the user 
community. They utitize' software pa'ckages that map 
di«erinJ f.llr P-^^^^^ carriage delays to accommodate 
in fn^r^ user terminals. These devices continue^to evdlve 
J^ vLn^nr^! ^° manufacturers' terminal' innovations. 

i?P anH^Sqi; V^" '"''"'"^L^""^^.^'^^"^' ^^^i^^^ like thl 
lllJ^. TYMSAT recognise the user's terminal speed; "while 

'ilri.^^ terminal characteristics for other p^ramet^rs 
parity^ full or half duplek, tab Settings, etc. -I are" • 
^vJ?7^," *° specify different settings- .are - 

faltUt^lf* computer service providers and mainframe 

toatiufacturers have ^followed this trend by'providiftq 

bn?ni?^;a"frnT°'i ^ ^^'^^^ ^^"^^^^y °f tefm-inals and • 
packages computers, with appropriate, software 



Resource Identification 



. Access techniqiies on^y start- with th^ basic a 
communications assistance functions described above. ' ' 
?n^o i^^?^"^ connections to network host Systems, logging 
serviceforM^rK' ^^^"^^ting resources^, and in-itialiliAg * 
services or databases can be extreipely complex and I 

no?«Soor^- ^^^ly ^^^^ Network attempt, a loose leaf 

on^SrSj°"''!'"'^^ information. on fefte resources Available ^ 
«e-t St.f the access methods to' these resources hal 

Center^l lupLtV-l ^'"''^^ success. The Network InformabitJn 
in if ^^^^S^T Resource Notebook {ARP'73J. existed in both' 
an on-line and printed form and contained entr ies for all of 
•the resources available at eaph. serving host on the network 
unfortunately, no attempt was made to f acil itate aJce^s ?o'* 

^^'^^ lifting individuals to contact. ' 
(A more recent edit:^on of this notebook , has been published ' 
in paperback form (^RP.75].and includes, enough infq^mation* . 
tor a user to access the desired^'resource. J Resource 
identification techniques of a more substantive nature 
aeveloped. , ' * ^ * 



;,a«iJ? J system, ar^ ARPA Network .based on-Une user 
lllN ltTy rV'^^"^: P-^^r^^^^ resource-specifiJ information 
•in^LIJ / 9Vstem, designed with the "eventual goal of • 

foc^Mon^f^''''^^^ various network resources^ finds the 
location of a resource on the' network, provides information- 
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about the^esource, ^pd describes the method for acqui,ring- * 
Lt. REX provides a fcadility. for dealing With a- 
heterogeneous networkW a coherent enttitir,, regardles^ of 
the particlilar charactW istics, of .the .individual host. 

. ' ,A user, language that ptovi&es commands to retrieve 
informatidn about resources and to describe specific 
rfesourcefe atiUzes-one of four keyword tyt>es -- a resource 
name, a resource attribute, a resourc^ category, or a host 
name — in conjunction with either re tr ieval command — 
FIND or DESCRIBE — pr the^CQUIRE command'. 
An example is.: ^ - 

■ DES.CRIBE FORTRAN AT MIT-MULTICS 

The ACQUIRE command estabi'ishes ;a transparent conneqtion to 
the resourofe without further action on the part of the user. 



Resource Connection » _ . ■ . ' 

\ Connections to resources that are available in ^mputer 
networks requ^ee cooperatiorf between the connection 
initiator —the user or his surrogate — and the tesource 
that ultimately provides the service — a cohTarent logical,, 
entity that exists in order to accomplish a s{*cifie task as 
viewed by the user. In -a computer Network environment it. is 
not unusual for a. multi-Ffevel -hietarchy of access requests 

.to octur to effect resource connection. Cooperation' in 
traversirtg tfte network hierarchy -may require several 

•r.esourde solicited identifications,, passwords, and system or 
service names.. ^ . ' ' 

-While^ the sol ic itation^ of user information occurs at" 
-the user level of interaction, many other {)rotocols aie us$d 
by the communications, discipline employed. Usually ■ the|e 
other disciplines'- are masked from the user and are ^ 
transparent. In this way,' a surrogate ~ usually arprocess 
knowledgeable in the protocol or line discipline employed. — 
acts on behalf of a user to connect him to the requested . 
service.' For instance, users of the A§^>A Network . access 
resources wi,th the cooperation of * TIP., If is/ feasible for 
the acquired resource to then request other resources on. 
behalf o-f the user. In this example, the user level of 
interaction is the command language' of the TlPj i acting as 
surrogate for the' user , the TIP, knowledgeable iii the . 
IMP-IMP protocols, complete^ the resource connection for the 
user; . . ,° • * . ^ 



^ Hierarchical connegtions eas'ilV 'Accur^ In' fhe ARPA 
Netwo.rk, taany host computer r^aut^^es; support a service<^ 
knovm as FTP (File Transfer /Prot;ocQl)v #^^His service 
establishes network connection's ^tty ojthe'r , resources ^on* behalf 
of the user for the parpqjS^- of ^trarisfeiJihg^ files between 
t}ost computers, - CurrentLy^ th^ • gser need ;not 'i'dent if-y . 
himself' to the,^TIP; howeV'e*,;. 5a. u|er,^^^ for 
the • host system to execute the sWviice 'FTP, -♦?or' FTP* tjQ 
access the file system ^f the other^ resource , the user level 
protocTols require the user identification ^nd password for 
the other resource. . 



Resource Selection . * ' : ^ * I 

Evide^ice in t^e publ ished>l itfer ature infJicates J:hat a 
tren,d i^ the use of intelligent terminals and their close . 
cousins,^ ''clustered" terminals^ to'-^assi^t users , in- the 
selection of resources is dey^loping. A research program' 
currently underway .'at the.I^ND Corporation aims to develop a 
prototype intell igent " terminal syste^H io|y:i^ly im^plemented 
on 'a minicomputer ,Th4 system, called tne RA^JD Intelligent/ 
Terminal Agelj^t (RITA)., i& bas^^ oh sets^of cor\^t ion-act ion 
rul^s that ^e.ncode tomplex sets-of heuristics for hqrrdling 
'interaction's both 'with us?ts and with external systems [AND 

RITA is capable .of 'interacting with remote data^ , 
systems, carrying' out time-dependent tasks over extended^ 
periocjs of ^time in a semi-autcinomous m^apner. The * 
Supposition that a rich set- of heuristics for deciding 
comjnunications levels of remote system tntet^ction and for 
res'burce acquisition ahd graceful tecov^ry £rom' unexpected 
failure -has in part motl^ted this effart [AND 76] 

' ' ' ' y ' ' ^ 

At the National Bureau .of Standa^ds^a • \ — > 
m in i<;ompu*teT -based device called a tIetwOrk Access Machine 
(NAM) expands user-entered -cotpmands *iTito vcommand sequences 
executable on specific networks and host computers connected 
to that network [BLA 74). The NAM analyze^ system and 
network respSnse^to assure agreementf with those ^anticypated 
for specific commands. Conditional and parameterized 
expansions, of user-entered commands are capabilities bein^ 
added to t?he basic working NAM. Th:^s capai(ility will allow 
the use of the same -^iompands to;^etmit access to resources * 
oa« different host computers and different networks [ROS.75J. 

Other extensions- to the NAM are currently being 
implemented. One function, is to predict the expected 
^response ^time of a ^par ticular compate'r for i^^se'in^a speQific 
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. applications area ^^.such; as compute -bound FORTRAN jobs, 
small bXSIC jobs ^ ^^ffer act iv^ editing sessions, or gome 
other category*- Good, 'indicators of computer response time 
• can be calculated by the NAM irt 'the following way. The NAM 
♦automatically connects to tshe particular computer in - 
question in order to .execute a 'predefined . benchmark job • 
represefvt^tive^ of the applications *area. By haying .the NAM 

^automatically time the response for the job execution the 
NAm can present to the u'ser the results of , the calculations 
in tbe form of a prediction of expected response time. 

' SeVetal^benchmarks have been successfully tried p/oducing 
^ e-xcellent- predictions of expected respo^ise time. 7 

One other intriguing function* being added to (yii^. N 
to provide the user with network wide tutorial as^istanc 
'A profile, maintained for each NAM user, refl-ects the, 
disposition- of tjie user with'rfespect Jbo ^any particular - 
computer that he might use. Data ar^ maintained in the 
profile concerning, r'eceint use ot specif^ic cpm^utersy the*^use 
of^ internal indicators., and help as.sistance indicators. ^ 
Using this data base, 'the NAM acts on Behalf o^f the computer 
in assisting the user. ^ * . * ' , ^' 



An example of somewHat spec'ialiied .access support to a . 

network user'.employing a microprocessor, is the .development , 

of a "line proces^or*?^ by the Stanford RVsearct^nstitute 
\ (HAR 74]. This device interfaces a class of oSsplay 

-tetlttina^ls, together with a pointing device called "moyi^se"' 
. and a one-hand' keyboard CTlled a "key set" .in'such a^way 

-that the eijit'ire configuration- can provide particularly 
^ effective 'aCcess^to a netwojc k-based interactive text 

manipulajtidn system* ^The line pVoces^soiLA^s potent Tal,^ ^ ' 
- howe^^er, for appl ication bfeydt>d the ini^al- intended lise. ^ 

■V - •- . ■■ , - r '• :'" 

Service Integration • ♦ ' ' 

An^ important trend, mbtiVatedf by the desire to 
interface one usef to multiple resources , , is evident in" the 
work done in the Info^n^ation services community by Marcus at 
MIT.' He' has developed a system that involves the coupling 

'of two b,ibliogr^phic data retrieval systems In such a manner, 
th^t the user 'perceives a swingle homogeneous system (MAR 
75]. ^Specific applications support built'within the MULTICS 
systerti at HIT i^ncludes a master index and thesaur-us that 

^^to^es the vocabulary- of the separate data bases along with 
^^rndex term interrelationships. The user is a^so provided • 
with a comkon gbibliogr Aphic data structure in which the data 
♦laments* for bibliographic inform^ition are organized and 
interrelated among different c^ata bases. This approach has 



been demonstrated exper inrentally using the ARPA Network for 
accpel to^, the Ijational Library of Medicine Medline service 
dn< the MIT Intrex retrieval, system. 
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Another Example is th6 Resource Sharing Executive 
{RSEXEC>"fbr .the ARPA Network [THO 73] • This executive 
system' ptP^'ides an .environment for inter-hos;t" /user-user 
intec^tionsV for managing "multi-host" file directories, 
and 0r controlling ^Itiple "jobs" on several hosts. In. 
addition, the R&EXEC serves ^s/a command language 
interpreter' for thg XrpA Network TIP users', -ETxecuting in'* 
any one of several ai^ailable PDP-10 TENEX systems on the 
-Networ k|j, RSfixEC Cjan maintain communications through the 
Network. with other TENEX systems. In this way the resources 
!of all o^ the- systems ""to which RSEXEC connects can be 
monitored and used* Facilitjies for- monitor ing ' statics, ^ * 
logged in useri^, and load averages are available as'^ well as 
the capability to build and create a composite file * 
directory incorporating files fVom X-he various computers in 
''the subnetwork. Provision is alsfdi available for initiating 
jobs at one^ or more pooperating sites at which valid 
accounjts are maintained.- 



istr ibuted Assistance 



Distributed asiSist?a"nce y^. par tially in host systems and 
partially in front*en^ systems — can provide better network 
response at less cost. ' The Rational Software Works (NSW) 
motivated by a desij^e to priBvide users With access to a 
number 'of g'enecal or specialized software appl icatioris 
packages, resides on a PDP-10, but will also be available on ^ 
a minicomputer such as PDP-11 [IRB 76]*. NSW prov?.des ' 
a^ssistance in sucha-^w^y so as to maintain a consistent user* 
interface from oef^kage to package even acrdss host system?. 
It is anticipated that heavily used common commands and # 
grammars c^n be executed in the front end systems^^ thus 
increasin-g network response times and decreasing network 
» communications costs. * , 

I Kimbleton and Schneider emphasize that the NSW is ™ 
-intehded to be an environment .for building software systems 
[KIM 75] . It is to include program preparation tools — 
cross Assemblers and compilers, editors, simulators at\6 
emulators, performance analyzers, program formatters,' j 
flowcharters, test-data generators, and other checking tools' 

that build software systems. These systems will usually 
be removed and run in a different environment , ^ sinc^ the NSW 
'is not intended to support the recurring execution of 
end-use|j^ applications.^ 
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Minicomputer Hosts 

A minicomputer installed as a- network host computer can 
also' perform substantial access functipns for a community *of 
users. ^The ELF system p&ovides multiple, concurrent users 
with local computing and flrle fcapability including signal 
processing for speech applications as well as flexible 
access to MPA Network resources [RET 75] . The ARPA Network 
Terminal System ^ANT5) was a mini-hoist designed to 
facilitate use of the ARPA network by students at the 
University of Illinois. Use of this system promoted Remote 
Job Entry (^JE) use of the Burroijghs SIWl at the University 
of San Diego as well as RJE use' at the cimpus Computing 
Network (CCN) at UCLA [BOU 73]. ' ' 

. At the University of Chicago, Ashenhurst h^s developed 
an interesting hierarchy of minicom^futers and large scale 
com^puters to assist users in laboratories [ASH 74]. 
Minicomputers located'-in science laboratories throughout the 
campus are served by a larger minicomputer at a centf'al 
site. Large compute-bound applications are served j/hep the 
central minicomputeD acqu^ires resources on a large scale 
computer on behalf of Ole laboratory ihini. 



Other Trends • - - ' 

The wor'k of Wyatt. ^t Harvard, in planning for an -access^ 
system to couple users to multiple serving systems and 
rtetworks, includes a (rail for Automatic tr ansforihatiori <yf 
job control statements to match those $f remote, systems, and 
for f acil ities- to support "transparent connection" of xocal 

. terminal facilities to various cotmnunications networks [WYA 

,74] . Wyatt also proposes that the 

"translation/communication system" perform comprehensive 
accounting and billing for multiple user accounts^! ^ * 



ARCHITECTURE - 
* « 

The preceding examples suggest thgt* alternative 
solutions exist and ^that the access assistance functions cari . 
reside in a, process executing in a hdst system, in a 
dedicated minicomputer, or in a single usAH "intelligent" 
terminal or terminal "cluster".' 

When, supported on a large ^hos^i computer, the access - 
- assistariice functions 'utilise the sophisticated and extensive 
subsystems that are available the file jnanagement 
systems,, the languafge compilers, the utility processors and 

.* * * ' 
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on and 6n. But, this type of application can be a 
. accomplished with less sophisticated resources. -For 

instance, the ARPA' Netwois^:' TIP, in part motivated b7 a 
. desire to move the basic coim'unications support and low 
level access functions out of the lar^ host computers and i 
^^*^°^'"^^^-'*less ^pensive- minicomputers, eliminates much 
ot the ov^ead required to handle acces? functions in" a i 
larger ^host system. Minicomputers are often- used 
extensively for . stor e-<and-forward functions and other 
applications such as remote concent'rator s and-:message 
switchers; it might make gtjod -economic ' sense to put the 
access function in a-minicomputer also. 

The minicomputer, placed in the communications link 
between the user terminal arid the serving computer network, 
can allow multiple users to g'cca.sa diffetent hosts or^'^ne l 
network or- even different networks." The minicomputer seems 
Ideally suited for such an application especially when 
several users or user groups requirfe a moderate file sto'rage 
capabi]^|ty ^for small files and a minimum computational 
^ capability for communications processing^ signal processing 
or other requirem^ents . ' . ' 

V,. Intelligent terminaas cai?- support* access tp multiple 
hosts on a single network or to .multiple networks, but file 
, storage and -other terminal resources appear to be too 
expeiisive at this tinie- to. dedicate to a single user.^ 
terminal. Also, ijH^ell igent term-inals may require 
cooperation with JTarger host systejns for initial program. ,, 
. loads; such cooperation jnay not 'bewavailable from candidate 
•networks or host computers. At this time; the intelligent 
terminal does not have as great a potential as the "cluster/ 
supported minicomputer to perform tl^e required access 
functions. Based on predictions tl^at within five ta-eighi 
years inexpensive interactive te^rminals will be available 
with the power of todays minicomputers, the" "use of 
intelligent terminals to" support the access function villi 
feasible. • / , 

THE ^AM^ . 

The Network .Access Machine, as pointed out earlier, 
a programmed ..minicomputer supporting a "cluster" of -user'; , 
terminals. The NAM acts on behalf of a user at, his terminal 
and autoipatically gene-rates the necessary interaction qr/ 
dialog that accomplishes the user"s. intended rf unction . 
function might be to^. connect thfe; user's terminal to a /: 
Specific computer OnNi network, to automatically identiit' 
the user to the computer (to log-in), or tq select and'// 
initialize a subsystem on the cpmputer -- a language /' 
.processor such as i^ORTRAN or COBOL, ^ or a data base for /a 



^he 
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ibltogr^fphiG search* ^ ^ 

These functionrdr access procedures, requested by 
^ersy are called macros. The NAM expands these macros to 
|o<3>^ce the correct machine dependent (specific computer) 
\^]Lo<i. Complex access procedures, codjsd and stored.*on 

ro files, are given simple names by the user;' 
sily recalled by name and expanded. 



macros are 



' At the time of the expansion , parameters can be passed 
:o the macro. An example use for a parameter is to identify 
to the macro a {Particular computer, a particular user, and a 
^articular subs/stem. In this way, macros can be written 
ike subroutines — general in scope, but made* specific by 
he parameters passed to them, f 

The use of simple names for complex access procedures 
ind the ability ^,to pass parameters to macros makes the NOT^, a 
ilexible aid , far any User of^ computers; especially when the 
iser accesses a variety <St different computer^ where the 
iccess protocols are typfcally macliine dependent and often^ 
are installation dependent, * ^ 

Consider a simp*! e example. Figure 1 shows the user 
trotocol required to access an editor, on three different 
omputers. Wh^le the dialog is similar in all three 
rxamp3.ej|f/dif f erences^ in syntax, cfase, and editor^piwrae c^ 
^ead to c<^nfusion. 
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Figure \ Example Editor Call 



A reasonable question to ask is, what -can be done/to 
help the user? - 



■ pro tocdlfe, that makes one network" service appear to the 
user like any other is a general answer. However, as -stated 
earlier, protocols that make one service more attractive 
tftart another throug^j enhanced features should not be 
compromised by a premature effort to standardize such 
protocols.. Encouraging competition among n^tWQrk service 
providers can be in the user's bpst interest if it leads to 
innova.tion in the amount and quality of service' received and 
in the reduction of costs in providing the service. Rather 
than push .for extensive user-oriented uniformity at the 
■ levels, of user-network interaction, it may'^be 

desirable to continue to permit and encourage such 
non-aniformity, but to compensate for it through network 
a.cce^s assistance to the user. By focusing on the low level 

• «iser protocols, like "log-in-^ "host selection" , and "service 
selection", the user can become more concerned with the 

.servWre he requires and less >6oncerned with how to obtain. 
It. . • . . * , * . . . 

^- Several i'tap'ortant user 'protocols can be' improved upon. 
First-, *the initial user-computer .connection procedure can be 
made t?ore uniform^. This ?tart^ with' the ^physical Connection 
Of the user terminal to the computer nietwork. Once- the 
physical connection is made, and the' terminal's speed and' 
1 Identity have been *establjLshed * the access procedures which 

vxollow fere usually hierarchic&V nested or eve^i recursive! 

Usually Dn§ or more of the .following procedures are 
.performed by the user in the netwdr-k envi'ro/jment: 

. ■ — host; 'computer se-lecfcion • ' . ' ' 

• ' * • V ' ■ ■ . ' ; • ^ 

— ^osfe computer Idg-'in 

" ' " ■ ^ ' . ■ s 

N> -- host computer serv^ice selection >- 
\ ■ ' ' . ^ ' ' ■ ♦ 

. -- siervic'e initial izatidh * ' - . 

, w- service' exit- request ., ' ' ' 

• — '• hfct exit request ' , . 

— , network exit request ... 

• * . . . ^"-—-^ 
These are the specific user protocols that can.be improved 
upon in current operational and experimental networ-ks. The 
NAM facility, designed to. aSisist users with* these protocols, 
IS briefly descrit)ed.. - ^ .. < >. ? - ^ s *■ ' 

• • • . ' • • • 

■ . -.IS • ■ } 
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THE "NAM FA0I.LiTY > ' ^ 

, The NAM miniqomputex 'facil/ity gives the .user the 
fcapabiliW to automatically acfcess the resources of a remote ^ 
/computer. ' This capabil'Uy is/made p^s^ible by .th^ NAM.s- 
'ability;tb act as a surrojgaty§ both in es«blishing the . • 

physical^ communications ^on/ec^on to thipr^Hiote computer ' ^ 
and in expanding -macro V^o/edu^s to pj^dUcfe the correct, 
i^cfiine dependent, ihter act/ive dialog for the remote , , , 
computer. ' ' ' , ' / " . 

•This surrogate,/acyCi''ng 'on behalf of the user, fDijctions 
as "a "programmed user;'/-- a computer .programfced ' to behaVe- aS. 
, a human user ... a' p/ogrammed 'automaton,. In establishing^ ' ^ 
the physiccft commuriicfabions ,cQnn&ct ipn^ tll^^ pfograijiftied user 
utilizes' an.-autom&^/c .callfTn^ "onit fojr placing- dial b-ut.., . 
calls; ■ hard-vfire^/gonnectio'ns^arfe ay^llable . for. local .y . 
c6m^uter^cpnnecti<^s.- "In access iiig ies>ui?ces 'Qn^remote - ♦ 

'conjpute'rs/^the pDf>gramped*ti-ser-, servds*r6(3yests;'; wafts fof^ 
replies; ■ analyzfe/s response-s;. . a-nd de'dides'-jtp either .: /. 
continue , -or '.toX^^eek user • interv.ention ' ; ' 

Whiie -se^mingl/ inaignif icant tfot a h|man' to . peif-f orm , ■ 
these actloal -7 sending requests/ wa'iNiingTfcfr replies , r* .^-y ' 
an^lyjin^ reslponjses , apd d,ec,idliigHg*hat to "dp- next' v ' • 

■ represent ribn-triv-ial talks'- for 'a\:o.mptlter .tt) , per form . flow 
does the pcogr amiied user dQterrtiin^^Wfeen^ fhe remote comouter. 
•can "accept ;the,i,.next^e(5ue'^t;. .'. how does il; .kr^oVf when.th"? . 

■ remote corapute? h^s finished a."fceplyr .whatns •ie?ruir«<5 , to /.^ ^ . 
analyze a response &o that ^the. nfex t request i^-,log ical -,artd ^ 

' eqr'rect?*'' j^^-t,' us start ariswer-ing theiS'e questions by -step^irtg, . , 
'.' wly backhand first discussing the: tot^al, picture,-- ^th'e ' ' 
roin'icortiputer gonf iguratiori usfed ^..suppb.r-t , tljie- algor^rthms ... 
that execute to per€orm as a'proflr^ramed user.; Then,- the 
prpgrammed -iiser-'itself cati be d isfcuaW 'reveal ii^g^ Its / , • " ^ 
utility in "the. -Network ;^cc ess Machijie^^, ' •• • • 

I'TOtcfl Configuration- .■. , ' ' ».», 1 ' '' • ~ 

' The . word minioompu-ter is hard Jtq "pin" do^n**. ih -a >fprmaa • 
. ' de fin if ion -- it has. hujnoroufely been-.def'in6d aS'^ny 
, • processor for yhich the manUafs are fre'e. ■ For tlje purpose • 
f\ of this note ^ t^^e definition of a minicbmp^ter conjures, up 
\ ' the 4dea of irrelatively Small iae/pens.ive .processor to \ 

irtiicti '{ofteri experts ive)- per ipheral s are attached'. The ' 0 

pfoc^ssor itself is usually 1^ to 18 bits wide and.- is • y 
usually supplied with :up ta 64-11 to 128k words of random 
access*^ memory. A complement- of 'standard per ipherais • ' 
• includes. disks —'floppy disks, fixed head disks, ot disk ^ 

>i . - ' . , 
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packs — communacafeions interface .equipment , and ot^^e^ . * 
■ iscellaneous devices suhrti as clocks, printers, ^andjon and^ 
on. The term, minicomputer app^lieS to an integrated, system ' 
consisting of th.i3 ±ype* of processor anA; these kinds of 
periphei^s. J . ^ 

• ^ * . _j— II 

The NBS NAM is' implemented ^n a Digital Equipment 
Corporation, PDP-ll/4.SVminicomputec with •64k' words of^ 16 bit 
coxe. Character as/hchronous communic actions interfaces €ire 
used, to intercpnnfect user terminals to the iNAM and '.the NAN 
to remote cbmputers. A special peripheral called ixx 
au.tOmatic calling unit and line selectox; (ACU/LS) is used by 
the NAM tP, place dialed telephone^ calls to remote computers. 
A multi-programmed disk-based operating system suppbrts^the 
NAfl and provid^ for individual user directories into which 
user macro f ilfes are catalaguej3 and maintained. ' Other 
mi#:ellaneous qevices used- by. the NAM system include 'a 
line-f requeney clock and a printpr']^ , 

Communications Peripherals 

'.'The NAM; acting as a surrogate foe the user, must 
iqtet<:onnect the user's terminal to the remote computer. Tp* 
dO'-l^is, two character asynchronous interfaces are utilized 
^ — ine fot the user terminal connection to the NAM, and one 
'for^^the i^ftfl cJmnection to the remote computer: * 

'f: ' • ^ ^ ; 

. The physical circuits .for these connections are either 
dialed through' the awitched telephone" network or directly 
cq^finected by twi's.ted-pait s" — wir^s that interconnect the 
fej|u;pment. As shown in figure X,^ tt>e NAM supports direcf^ly 
connected users and^dial-up users.* Connections to the / • 
.r^rfote computer are supported from thfe nAm to directly, 

^connected local facil it ies such as the NBS ARPA Network TIP, 
the NBS P£)P-10 in the Experimental Computer Facility (ECF)-. 
jUnd other \minic-ompute1:s in the *ECF, or to dialed out 

^etworks using the autom^at ic calling unit. 
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Figure 2 The NAM Configuration^ 



^^ Disk Peripheral^ . ' ' * . • . 

' The disk, relatively .lar^ Tfi storage capacity compared 
to the size of core, serves a anal purpose in the NAM. 
Fixst> it supt)0,rts the operating system under which the tIAM 
runs. The operating system requires large ' amounts of 
stora^ge for its »state de|)endent i?r>f ormat ion — its .tables, 
'program'modules and data and sinc^ all of this ' 
informatibn will^ not fix into core at one time, it is * ' 
* maintained on. the disk — to .bfe recalled when needed.' 
Second^ the disk provides users of the .NAM with individual 
di-rector.ies for cataloguing macro files. These directories 
are maintained by thfe user — he creates new macros and he ^ 
deletes obsolete ones. 



*0,ther Peripherals . / ^ 

Other miscellaneous p^ ipherals' are 'used in the NAM 
^ minicomputer configuration'; m^st impdrtSfft is the line 
^fcrequency clockt As a multi-user system in a 
mul t i-pr9gr.ajmned environment the NAM must allocate 'its * 
processing power in time-slices — the 'amount of processor 
time that a rur?Sing program may utilize be'fore another 
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program receives control. ^ The clock controls the. time slice 
allocatipns so that each us^r* receives ah equal share, of the 
available processor time. 

The line pr inter , ancJther - useful^per ipheral / can 
prod.Uce har^d-copy, transcripts of the interactive dialgg.. At 
the user's request, a disk file called the transcript file " 
is produced as .the NAM forwards cfraracters^ to and from .the 
terminal and remote computer. The user can request 
hSrd-oopy of all or portions of the transcript file. When 
CRT display terminals are used, thi^s printer * — a shared 
peripheral — is often the only hard c^y availatrle. 

Software System . * ^ 

When viewed as an extension to tjhe hardware, the 
SQftware system provides a ^9undation for building, 
developing; and supporting the applications programs that 
■al^ up the NAM. The software system itself consist^ of two 
separable entities* — . th^ o{)e rating system sqftware and the 
^applications software. The appl'ications software utilizes, 
tYte operating system software for input/output (I/O) 
requests, file management reqtjpstg, anjJ other ' requests 
including scheduling proc|^rams for' execution, allocating* core 
for programs, and arbitrating conflicts for peripheral 
reques*ts. ' . 

'The applications software- is the set o^ programs that 
execute to provide the terminal user with a netwoc,k access 
capability. These programs consist of ' the Macifo Pile 
Expander, the remote compQter dialog Response Analyzer and 
the terminal uder Input Interpreter. These three 
applications programs make up the NAM environment- 



WORKING IN THE NAM EMVIRONMSifT "'^^^^ \ , . 

Characters sent to the NAM are nofmally stored and,' 
forwarded — user ^characters ar^ forwarded to the host 
system and the host system, characterl^ are forwarded to the 



user's te#iinal. Upon receipt of the gpecial character 
first char< 
:eTS "procec 

store-and-forward mode of operation. In figure 3 P!^se tw.o 



as the fir^t character on a lin^ from the user's y^ub, the 
NAM ehtexs "procedure Vmode and leaves the norma* 



U|DUt 

I TOes 

modes of operation aife illustrated. 
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Figure 3 •Modes. of NAM Operation — Normal ^and procedure 

/. ■ ; , 'V ■. 

The effect of switching mode^^^is illustrated in figure 4 
where a line of 'text p^fec^e^ tjy the produces a macro 
expansion as in the first and third lines. When the is 
not ^used , ".characters are simpiy forwarded as in the second 
line of figure 4. • ' 
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Figure. 4 Effects of Switching Modes 



ERIC 



' 23 



18 r 

23 



\ . . ■ • 

vho'i?*^®"**^?® charac'ter is used the .>est of the t-ext on 
the line corftaining the character ft treated as a NAM 

•??aure"wh'°'"P'"'? '""l "^^^ ^"PP^i^^ parameter!.' ?n 

ti?ee hoc. ^^a-^-Ple edito^r^call, is again .illustfated for 
Jhe Lp? systei4. bu« this time the NAM assist 

dialo supplying the appropriate machine dependent 



SYSTEM or NETWORK . 
BBN^ oni ARPA Network 
' MULTICS on ARP^. Network 
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"edit' GE 



Figure 5 Example Editor Call U^ing' NAM 



info/^'w^^ procedures cani'specity a complex series of 

system ?s^^nJ3, 'r^ response to the NAM from the remote 
system is analyzed according to information supplied by the 
S?rin^!T"^'°K' Simple -Boolean combinatiohs of character 
2ipn ?L anticipated host comj^ter response., 

nex? line Of ti/rrr' ""'^'^ this-^ predefined criteria the 
r!™;.. J ""^^^^ expansion i^ tr ai>,smitted to the ' ' ■ 
or-^Slf^^^f ^""^ ^esE^nse fails to meet -this 

£os? fiWv'^'ih"""' procedures is. followedr 

rp«nJc^-^^^^,^P^"*'°" is-aborted atid the offending- , 
lll^r^T ^ ^^sPl-ayed on the user's terminal'. In addition • 
the response to the la^t line of the expansion is delivered 

^6mmSnd^'''H.'° '"^'"J" ^^"^ to enter more 

de?Tn^ .•h°>''^'' °Pti°« to explicitly 

tUnTJ\ procedure - another macro to expand in the 

event of a response failure." . • 

Thus, . as previously asserted, the NAM' s macrt) exparider 
Th^- ilT"^^^ analyier together form a "programmed user" ' 
sent ?o ^ht'P'"^^^ "^^^^^^ "^^^i"^ dependent commands to be 
resDo^d wo v?-^^w "^twork. NAM waits Jor ■ the network to 
dicides'lf th^ n^^ ^"r" response analyzer then 

^ hnm 5 ngfcwork response ils the anticipated "response 
Z,L^^ ''^"^^ perform this same function, if Ihe 

aoaTn- or'^r^^ 'I questionable, the decision to "try 

?he ^^'^ manual", or "quit" must be made. If^ 

the n-etwork response is acceptable (network response and 
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anticipated Response agree) the macro expansion continues. 
Figure 6 illustrates this "progr apned user" conc.ept and 
equates' the algorithm, used by a human to 'accessing a network 
resource with the NAM. • , . ' 



NAM = Terminal + User 
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Figure 6 A PROGRAMMED USER, 

( 

Directives emfJloyed in the macro language allow the 
-programmed user" concept to ,be coded^y real "f^rs and 
interpreted by the macro expander.. Tffe maDor directives an 
tSe language are shown in figure 7., Each ditective m.the 
language relates to^a function normally performed by a humar 
user . • 



FUNCTION 

Send Command 
Wait . . 
Compare (with 
actual response) 
No Match 



DIRECTIVE 

.^END 
.TERM 
'.MATCH 

» 

.ABORT 



Figure 7 Macro Language Directives 
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fiaurp s directives are illustrated in a sample dialog i 
PDP-ll ?;npJ ; ''^'■'^ -example- is used to log into a 

(BBN) using the ARPA Network TIP. , 



MACRO DIRECTIVES 

.MACRO LOGIN HOST 
.TERM 2'-(CR LP] ' 
.MATCH 'HELLO' 
.SEND 'B' 

.TERM 'CCR LP1§ 
^l.MATCH^.'•OPEN' 
.SEND '§L HOST' 



.MATCH 'PREVIOUS' 

.SEND 'LOG ROSENTHAL RMR 1(CR] 



.ENDHACRO LOGIN 



NAM SENDS/R ECEIVES 

~ — ' 



HELLO 32T^^^ 



§1 2414 
LOGGER , 
OPEN • . • 

BBN - TENEX I 

§ y ■ 

LOG ' ROSENTHAL RMR 1 
JOl 24 on TTY ~ 
PREVIOUS LOGIN: 
25-FEB-76I 

@ . • 



Figure 8 An Example Macro 



^J^«"derlined strings in figure- 8 indicate the 
cnaracterS* pent t^ the remote network by the NAM. The "1" 
character indicates that the telle car r ia^e^return line-feed 
sequence was received" or .sent, Nptice that these strings 
m^rrn%?!?^'5°'°'^ correspQndertce to tie. arguments in the 
macro directives. In the first ^irect^yk .MACRO — the 
jacro name - LOGIN --is specified and it has a formal 
d??fl!!f?^' "l^^"^-' "^^"^ appears again in the second >SEND 
?ni?nL 1!^" th.is. second .SEND directive ^ 

Indicates |hat the ARPA host address 241 ►wa? actually sent 

^{;r^ser?ypSf expanded. the NAmV'h;'- 

"login 2414 

The .TERM and.,.»«TCH directives used to specify the wait -an, 
compate states of the programmed user are specif ied Wf or f^' 
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the .SEND direcjiive in the-.^ctual macro." While th>s is 
seemingly. In'conveni^ent, it is necessary since th%Macro 
Expander f^c|ility in the NAM operates a line at a time and 
consequently the NAM must know the expected response before 
sending the expanded message' to ^e remote system. 

The NAM compares, each, character .of the system response, 
with the predefined characters- in the .TERM directive. Once 
a fetring .match occurs, the'system response, is- considered 
complete and the NAM attem^Jts to then match the complete 
response with; the string in the .MATCH directive. The 
strings used in the .TEBM and .MATCH- d^ective» remain in 
effect until ths^y are changed or until^n' .ENDMACRO 
directive is encountered. Notice that prior to the. last 
• SEND directive in .figure 8, only' a .MATCE; %ir ect ive is 
specified. The' previous .TERM directive (.TERM [CR LF] ) 
remains in' effect. " ,' 

APPLICATION OF THE NETWORK ACCES5 MACHINE 

Application of the NAM to a variety of useful access 
functions has led to the development of the ;EXT directive. 
This directive enables the user to "penetrate" the network 
to- various levels using the same macro names (command nlmes) 
for dT^ferent Systems on the network. . By appending an 
extension name to 'the access procedure file name, the NAM 
executes a macro specified for a particular host on the 
' network. The example in figure 9 shows how the file 
extension is equated using formal macro parameters. 

■^LdG BBN, ROS^THAL, RMR^ 1 . ' . ' V 

.MACRO LOG^HOST, US^R, PASS WD, ACCT 
.EXT = HOST ■ 

LOG USER, PASSWD, ACCT ///-> , " 

log.bbn rosenthal ■ rmr 1 

t ' .BNDM/^CRQ ^ ' • . ,* ■ 

~EDIT ///-> , . - ' ' , _ 

edit.bbn , ^ 



"7 * 



'igure^^^^xample' Use^f , -EXf Directive' 



' ' ' 

first, an access procedure** called LOG is invoked. It 
has four parameters- — BfiN, ROSENTHAL, 4RMR ^ and- 1. In the 
text jQf the macro the extension Ws e^quated ^ the parameter 
JiOST; - in this invocation^ to BBN. In the ^hird line of tjne 
macro, the expander encounters a text line that is not a - 
directive (not preceded by a "•"); so, the expander assumes 
that , this line is the name of. another macro to be invoked. 
In tftis example, the text line after the .EXT'directive is 
to he invoked much like a subroutine' — once completed, 
controJ. returns to the following macro line. This 
subroutine c^ll to m^cro LOG will actually be made to a 
macro called L0G.3BN as indipated by the expansion operator ' 
"///->" (this symbol is only used to illustrate that this 
particula^r expansion produces- the indicated new macro name 
— thi3 symbol is not part of the macrOv'text file). 
Finally, the last line in this example^shows that onofi the 
extension has been set from within, a macro call,' it remains 
in effect for other macro invocations during the session. 
^(Pi^ovision to reset., the macro file extension is provided.) 
Using this cfipat^ility , the user is able to create commands 
for acQessTng computer- networks ; these commands oan be 
given- the sam§ name, thus providing for the^user^ a common 
network access language.. . . 

The^^BS NAM, alread]^ proven as a useful tool in the NBS 
Experimental Computer Facility, is currently involved in an 
experiment designed to provide convenient access to - 
resources likely to*be foufTd on heterogeneous computer 
networks. ^In, this experiment, the NAM is used to provide 
"autonomous*'! access to any one of a selected set of 
interactive retrieval systems. Unlike the M.I.T. work [MAR 
75], on the^ actual "coupling" 'of (two) interactive retrieval 
systems, the NAM has mediated but "autonomous" access to any 
one^f a' selected set of retrieval" systems. The retrieval 
ser^^ce selections are identified by the, broad experimental' 
framework depicted in figure 10. 

' . :^ 
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user 




communication 
lines 



Retrieval 
Systems 



Figure 10 Mediated NAM Access to Retrieval, Systems 



The objective is to achieve, a common command language 
for only a subset of the functions that rtu3t or t;an be 
performed in conjunction vith on-line retrieval systems. 
The reason for this selectivity is based 'on the^^well 
established fact' that some significant system differences 
can render corresponding user coimnands irreconcilable. 
Furthermore, the subset of functioos to' be/addressed 
involving those 'listed in Table 1, should be realistic 
enough to make the experiment productive in a reasonably 
short period of time. 
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'^ TYPE * 
1. Administrative 



2. Substantive 



ronc'tion 



3. Supportive 



a. ^ Communication Linkup 

b. Login Procedure 

c. "Logoff Procedure 

rd. System Disconnection 

a. Piles Identif i9ation 

b. ^ File Selection , 

c. ^ Search Request 

* (1) Term Entry 

^ (2) Logic Creation 

d. Search Result Output 

e. Search^Term Display 

a. . Command Explanation 

b. Procedural Help 

c. Output Interruption 

d. Input Editing 

(1) ' Single Character 
^ Erase 

(2) Line Elrase 



Table 1 Selected Subset of Functions 



9 Although the experiment is purposely limite(?, several 
^new features of the NAM are demonstrated. In addition to 
the "normal* or store-and-f orward char acter-at-a-time ^ 
transmission through the 'NAM a character string 
store-and-rforward facility proves^usef ul . This mode allows 
the NAM to selectively scaji the user input data tor possibly 
retrans^aission in a suitable format for the particular ho^t 
coniiection. yThis is particularly useful for correcting 
simple typographical errors or for user solicited "h^lp" 
functions, ^ ; . ' 
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SUMMARY 

Increased use o^computer services by people in tlxe 
routine peijformance of their jobs continues to grow 
steadily. To meet the demand, servticfe providers design, ^ 
implement, and market their services using the technologies 
and resources available to them'. With|fthe '^advent and growth 
of computier network technology it is not uncommon for people 
to use tUe resources' of differen-t computer systems. The 
non-uniformity in access to these resources and the services 
provided has led to the development of tools amd . techrviques 
to assist the user. 

i y . ' 

Some 6f th| tools and techniques that^ provide users 
with this acce^ function have ,l?een described in this paper. 
By examining these d.evices — their methodology,- their 
purpose, and their sc^ope — and by discussing the current 
trends in n^etwork assftetance architectures, a framework has 
been built for future discussions of this very important * 
function that can be provided to computer network users. 

Within this framework, one example device, t^e^BS % 
t^etwork ^^ccess Machine (NAM) is scrutinized to show its' 
applicability in solving some of the problems currently 
frustratijng users. The applicability of the NAM, to provide 
a. unifoi^nri network-wide command language has been explored. 
Acpess techniques arp currently being employed to assist 
users in the data retrieval community.-' A proposed set of 
experiments that allow a user .to^perceive a coiJunon command 
language across a heterogeneous set of retrieval services 
foiind on different computer networks, is currently in 
progress . * ^ - . . ' 
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